
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP022630
TITLE: High-Energy Electron/Solid State Interaction Modeling with
MONSEL

DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2006 IEEE International Vacuum Electronics Conference held
jointly with 2006 IEEE International Vacuum Electron Sources Held in
Monterey, California on April 25-27, 2006

To order the complete compilation report, use: ADA453924

The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

[he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP022420 thru ADP022696

UNCLASSIFIED



High-Energy Electron/Solid State Interaction Modeling with MONSEL

V. Katsap*
NuFlare Technology, a div. of Toshiba Machine America

10 Corporate Park Dr., Suite C, Hopewell Junction, NY 12533, USA
*corresponding author, e-mail: katsap@nuflare.com, voice: (845)8960692

John Villarrubia
National Institute of Standards and Technology

100 Bureau Dr., Stop 8212, Gaithersburg, MD 20899-8212
voice: (301) 975-3958

In e-beam tools, interactions between high-
energy electrons and the solid target result in
backscattering, absorption, and transmission.
Each of these effects may be critical to tool
performance, affecting resolution, image quality,
and even high voltage breakdowns. In most cases,
common sense and experience suggest using low-
Z materials to minimize backscattering. A more Fig. 2. Example of multi-layered 3D bodies for
quantitative approach uses MONSEL, a software backscattering, absorption, and transmission
package capable of modeling e-beam interaction analysis. Layers and lines are elements or
with complex, multi-component, multi-layered chemical compounds.
2D and 3D structures, We report on application
of MONSEL to common problems found in e- MONSEL computes trajectories inside solids.
beam lithography tools. Electrons leaving a surface are assumed to follow

straight-line paths. For e-beam lithography tools,
MONSEL codes are based on up-to-date physical the most useful output data are backscattering
models of electron scattering and secondary (BSE) and transmitted (TRE) electron yields and
generation, with full trajectory calculations made energy distributions. In these tools, a 50 keV e-
for boundary crossings1 . MONSEL works with beam is incident upon a target consisting of
2D multi-layer structures, where layers may be several layers of photoresist and metal films on a
elements or chemical compounds (Fig. 1), and solid substrate (see Fig. 1). Generated BSEs
also with simple 3D structures shown below (Fig. travel in complex electrostatic/magnetic fields,
2). hit walls, and find their way back to the target,

Separation of exposing the resist and degrading image quality.
_ _buried lines_ MONSEL computes BSE yields from complex

Separation of exposed lines surfaces, along with energy spectra (Fig. 3). In
S Shift of exposed lines the case of 3D structures (Fig. 2), it allows
Shift oeanalysis of BSE yields and energies for normal

Al.. .WLayer I and oblique beam incidence. Also, it allows an
P,!• • "0 "0," " !0Layer 2 e-beam to be "scanned" over complex surfaces,
,''..,///,,'.'//,//m,,'.,',','////////////// ///// Layer 3 returning BSE/TRE yields and energies at each

point (Fig. 4).
Fig. 1. Example of multi-layered 2D body for The output repeatability improves with an
backscattering, absorption, and transmission increased number of incident electrons launched

analysis. Layers and lines are elements or (compare curves in Figs. 3, 4).
chemical compounds.
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Fig. 4. BSE yield vs. beam position at 3D
graphite via-on-Si-substrate (50000 incident Acknowledgment
electrons). The authors wish to thank Dr. Jeremiah Lowney

for assistance in using MONSEL in this work.

In modeling e-beam transmission through thin
structures, MONSEL produces TRE energy and Referencesangular distributions (Fig. 5). 1. J.R. Lowney, Application of Monte Carlo

Simulations to Critical Dimensions

These capabilities can be useful in predicting Metrology in a Scanning Electron
how a change in configuration, coatings, etc. will Microscope, Scanning Microscopy 10,
affect BSE/TRE yields and their consequent 1996, pp. 667-678.

undesired side effects.

436


